INTRODUCTION
It is known that the magnetic properties of Mn-Zn ferrites can be influenced strongly by doping with small amounts of additives. Among the various additives, B203 is known as a sintering aid and has similar effects to SiO, [l] . However, little systematic work on Bz03 has been published. This paper focuses on the influence of B203 (doping levels: 0-2.5wt%) on the microstructure and magnetic properties of Mn-Zn ferrites. The specimens were prepared via the citrate gel processing route. Sale et al. have shown that this route is useful for studying the effects of small amounts of additives, as it produces ferrites with high homogeneity [2, 3] .
EXPERIMENTAL
Based on a composition of M~,,,Zna3,Fe,,0,, analytical grade citric acid and nitrates of manganese, zinc and iron were used for citrate-gel processing. H@O, (99.5% pure) was used as the additive to give the different B,03 doping levels (0,0.1,0.15,0.2, 0.25,0.5,1.0 and 2.5wt%). The details of powder preparation are published else where [2] . The pellets (IOmm dia., 3mm ht.) and toroids (25mm o.d., 18mm id., and 3mm ht.) were pressed, and sintered for 2 hours at 1300°C in air and cooled in nitrogen.
The microstructures of the sintered samples were examined using optical and scanning electron microscopy. The initial permeability (h) was determined from the inductance value of toroids at lOkHz and 20°C using a LCR meter. The total power loss (P3 was determined at a flux density of lOOmT at 20°C using a laboratory built magnetic loss measuring system. Figure 2 . Due to the low melting temperature of B203 (460"C), it is anticipated that liquid phase sintering occurred during sintering, which promoted the rapid grain growth. When the doping level is less than 0.2wt%, the amount of B,03 appears to be too low to give homogeneous liquid sintering, hence discontinuous grain growth occurs and the duplex microstructure is formed. This rapid increase in grain growth leads to most pores being trapped within the grains, as shown in forming during sintering. Beyond the 0.25wt% B203 level, the increased grain boundary phase and intergranular pores impede grain growth so that the average grain size decreases and the porosity increases. Figures 3 and 4 show the initial permeability (p,) and total power loss (P,) of the samples, respectively. The undoped samples have the high yi and the lowest P, values. The p, value decreases sharply with small B203 additions (0.1 and 0.15wt%), then increases back to the highest value at 0.25wt% doping level. Beyond this level the initial permeability decreases again. As an opposite trend, P, increases rapidly at small doping levels (0.1-0.15wt%), then shows a second minimum value at 0.25Mo doping level. With further additions of B203, the P, value increases again. These changes in the initial permeability and power loss are closely related to the microstructures. The low initial permeability and high power losses determined on the samples doped with 0.1-0.15wt% B203 are attributed to their duplex microstructures. At 0.25wt% doping level, the relatively uniform large grains should give a higher value of the initial permeability (p). However, as seen in Figure l c there are some intragranular pores in the grains. These intragranular pores pin the domain wall, which reduce the permeability whilst the larger grain size results in the increased power loss. As the results, the samples have only slightly higher p, values relative to the undoped samples, but possess higher power loss. With higher B203 doping the increased porosities and B-rich phase may be responsible for the deteriorated magnetic properties. The pores and second phase are imperfections which have demagnetizing influences in ferrites. At 2.5wt% doping level, the high porosity (-15%) results in very poor magnetic properties.
RESULTS AND DISCUSSION

CONCLUSION
The presence of B203 promotes significantly grain growth in iron-excess Mn-Zn ferrites, but does not benefit the magnetic properties of these ferrites. Discontinuous grain growth at low doping levels (<0.2wt%) results in the poor magnetic properties. Relative toundoped samples, a similar high value of the initial permeability and a second minimum value in power loss are obtained on doping with 0.25wt% B203, which gives a relatively uniform microstructure with larger grain size. With further increases in B,O, doping, the increased porosity and B-rich phase result in the deteriorated magnetic properties.
